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Abstract. The usefulness of magnifying endoscopy with 
narrow-band imaging (ME-NBI) for the diagnosis of early 
gastric cancer is well known, however, there are no evaluation 
criteria. The aim of this study was to devise and evaluate a 
novel diagnostic algorithm for ME-NBI in depressed early 
gastric cancer. Between August, 2007 and May, 2011, 
90 patients with a total of 110 depressed gastric lesions were 
enrolled in the study. A diagnostic algorithm was devised based 
on ME-NBI microvascular findings: microvascular irregu-
larity and abnormal microvascular patterns (fine network, 
corkscrew and unclassified patterns). The diagnostic efficiency 
of the algorithm for gastric cancer and histological grade was 
assessed by measuring its mean sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value (NPV), 
and accuracy. Furthermore, inter- and intra-observer variation 
were measured. In the differential diagnosis of gastric cancer 
from non-cancerous lesions, the mean sensitivity, specificity, 
PPV, NPV, and accuracy of the diagnostic algorithm were 
86.7, 48.0, 94.4, 26.7, and 83.2%, respectively. Furthermore, in 
the differential diagnosis of undifferentiated adenocarcinoma 
from differentiated adenocarcinoma, the mean sensitivity, 
specificity, PPV, NPV, and accuracy of the diagnostic algo-
rithm were 61.6, 86.3, 69.0, 84.8, and 79.1%, respectively. For 
the ME-NBI final diagnosis using this algorithm, the mean 
κ values for inter- and intra-observer agreement were 0.50 
and 0.77, respectively. In conclusion, the diagnostic algorithm 
based on ME-NBI microvascular findings was convenient and 
had high diagnostic accuracy, reliability and reproducibility in 
the differential diagnosis of depressed gastric lesions.
Introduction
Gastric cancer is one of the most commonly occurring malig-
nancies worldwide (1,2). The detection of early-stage gastric 
cancer is associated with improved survival and the potential 
for curative resection (3,4). Conventional endoscopy with 
white-light imaging is an important method for the screening 
and detection of early-stage gastric cancer. Furthermore, 
recent advanced endoscopic technologies, including chro-
moendoscopy, high-resolution endoscopy and magnification 
endoscopy (ME), have greatly improved endoscopic image 
quality. However, formal histological diagnosis is difficult, 
even with these endoscopic techniques and a biopsy of the 
targeted lesion is necessary (5).
The narrow band imaging (NBI) system is a recently 
developed advanced endoscopic imaging technique based on 
the light of two specific wavelengths (blue: 390-445 nm and 
green: 530-550 nm). Magnifying endoscopy combined with 
narrow band imaging (ME-NBI) enables a clear visualiza-
tion of the microvascular architecture and the microsurface 
structure of the superficial section of the mucosa. Certain 
studies have demonstrated that ME-NBI findings are closely 
associated with the histological type of gastric mucosal 
lesion (2,6-9). In particular, irregularities of microstructures 
have been revealed to be crucial for the endoscopic diagnosis 
of early gastric cancer (10-14). However, the evaluation of 
combined irregular microvascular and microstructural 
patterns is complicated and may lead to a large variation in 
diagnostic results among observers. Therefore, it is neces-
sary to construct simple evaluation criteria for ME-NBI in 
the diagnosis of depressed early gastric cancer. Yao et al 
reported that ME findings based on microvascular architec-
ture showed high diagnostic accuracy for flat early gastric 
cancer (15). However, no report evaluating the diagnostic 
accuracy of ME-NBI findings based on microvascular archi-
tecture for early gastric cancer is available.
The aim of this study was to devise a novel diag-
nostic algorithm based on ME-NBI findings relating to 
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microvascular architecture and to evaluate the potential 
usefulness of this algorithm in the differential diagnosis of 
depressed gastric lesions.
Patients and methods
Patients. This retrospective study was performed at the 
Kurume University School of Medicine. Between August 2007 
and May 2011, 110 lesions from 90 patients [62 males and 
28 females with a median age of 70 years (range, 28-89)] 
were detected using conventional white light endoscopy as 
depressed gastric lesions and were included in the study. Of the 
110 lesions, 68 were diagnosed as differentiated adenocarci-
noma (well- and/or moderately differentiated adenocarcinoma), 
32 as undifferentiated adenocarcinoma (poorly differentiated 
adenocarcinoma and/or signet ring cell carcinoma), and 10 as 
non-cancerous by the histopathological evaluation of the 
biopsy specimens. The histological findings were classified 
according to the Japanese classification (16). The invasion 
depth of the 100 cancerous lesions was examined by conven-
tional white light endoscopy, endoscopic ultrasonography, 
and upper gastrointestinal X-ray. Following the evaluation of 
invasion depth, the lesions diagnosed as early gastric cancer 
were endoscopically resected with the endoscopic submucosal 
dissection (ESD) technique according to the Japanese gastric 
cancer treatment guidelines (17,18), and pathologic evaluation 
of the resected specimens confirmed complete resection and 
curative treatment. The study protocol was approved by the 
ethics committee of Kurume University (Kurume, Japan).
Endoscopy procedures. The patients submitted their written 
informed consent prior to examination and treatment. A 
high resolution magnifying upper gastrointestinal endoscope 
(GIF-Q240Z, GIF-H260Z; Olympus, Tokyo, Japan) and an elec-
tronic endoscopy system (EVIS Lucera Spectrum; Olympus) 
were used in the screening endoscopic examinations. Screening 
endoscopy procedures were as follows: i) examination of a target 
lesion with conventional white light endoscopy, ii) examination 
with chromoendoscopy with an indigo carmine dye solution, 
and iii) examination with ME-NBI. The endoscopic images of 
the entire procedure were recorded and stored in a digital filing 
system for subsequent evaluation.
Assessment of ME-NBI. The recorded ME-NBI images were 
evaluated independently by five experienced endoscopists (H.S., 
Y.W., K.M., M.M and T.S.) blinded to patient information and 
histological features. In order to evaluate the depressed gastric 
lesions included in this study, a diagnostic algorithm based on 
the microvascular findings of ME-NBI was devised (Fig. 1). The 
diagnostic algorithm was composed of ME-NBI microvascular 
findings of the superficial mucosa as follows: i) microvascular 
irregularity (Fig. 2A and B) and ii) abnormal microvascular 
patterns (10) [fine network pattern (Fig. 2C), corkscrew pattern 
(Fig. 2D), or unclassified pattern)]. The definitions of micro-
vascular irregularity were denoted in two previous reports 
[Yao et al (11) and Kaise et al (12)]. A lesion was considered 
to have microvascular irregularity if the ME-NBI findings 
were as follows: ‘heterogeneity of shape’ and ‘asymmetries and 
irregularities of arrangement and distribution’ (11) as well as 
‘dilation’, ‘tortuousness’ and ‘abrupt caliber alteration’ as the 
abnormalities of individual microvessels (12). If the lesion had 
no microvascular irregularity, it was considered a non-cancerous 
lesion. If the lesion had microvascular irregularity, we assessed 
its abnormal microvascular pattern of ME-NBI to predict the 
histological grade of gastric cancer. If it had a fine network 
pattern or was regarded as an unclassified pattern, we identi-
fied it as a differentiated adenocarcinoma. If it had a corkscrew 
pattern, we identified it as an undifferentiated adenocarcinoma.
Statistical analysis. Continuous variables were expressed as 
the median (range). Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV) and accuracy 
were calculated in order to evaluate the diagnostic efficiency 
of the algorithm for gastric cancer and histological grade based 
on the microvascular findings of ME-NBI. Cohen's κ statistics 
were calculated for intra- and inter-observer agreement. Inter-
observer variation was calculated from the results of the first 
reading, with 10 pairs in total. Intra-observer variation was 
determined by comparing the first and the second assessments 
for each endoscopist, with 5 pairs in all. A κ value of ≤0.20 
indicated poor agreement; 0.21-0.40, fair agreement; 0.41-0.60, 
moderate agreement; 0.61-0.80, good agreement; and 0.81-
1.00, excellent agreement. Statistical analysis was performed 
with SPSS software version 20 (SPSS Inc., Chicago, IL, USA).
Results
The patients analyzed included 62 males (69%) and 28 females 
(31%), with a median age of 70 years (range, 28-89). The 
median lesion size was 14 mm (range, 3-30). The location was 
Figure 1. Diagnostic algorithm based on magnifying endoscopy with 
narrow-band imaging microvascular findings in the differential diagnosis of 
depressed-type gastric lesion.
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the gastric lower third (L) for 60 lesions (55%), gastric middle 
third (M) for 33 lesions (30%), and gastric upper third (U) for 
17 lesions (15%) (16).
In the predictions of gastric cancer by the five endosco-
pists, the ME-NBI diagnostic algorithm had a mean sensitivity, 
specificity, PPV, NPV, and accuracy of 86.7, 48.0, 94.4, 26.7 and 
83.2%, respectively (Table I). Furthermore, in the prediction of 
the histological grade of gastric cancer by the five endosco-
pists, the ME-NBI diagnostic algorithm had a mean sensitivity, 
specificity, PPV, NPV, and accuracy of 61.6, 86.3, 69.0, 84.8 
and 79.1%, respectively (Table II).
For evaluations of the ME-NBI features and the final 
diagnosis, the mean κ values for inter-observer agreement 
were as follows: microvascular irregularity, 0.49 (range, 
0.32-0.74); fine network pattern, 0.55 (range, 0.38-0.65); 
corkscrew pattern, 0.60 (range, 0.35-0.83); and the ME-NBI 
final diagnosis, 0.50 (range, 0.32-0.67). The mean κ values 
for intra-observer agreement were as follows: microvascular 
irregularity, 0.61 (range, 0.39-0.84); fine network pattern, 
0.75 (range, 0.64-0.84); corkscrew pattern, 0.78 (range, 
0.64-0.86); and ME-NBI final diagnosis, 0.77 (range, 
0.66-0.84) (Table III).
Figure 2. Typical examples of magnifying endoscopy with narrow-band imaging (ME-NBI) microvascular findings evaluated in diagnostic algorithm. (A) A 
lesion with microvascular irregularity. (B) A lesion without microvascular irregularity. (C) A lesion with fine network pattern. (D) A lesion with corkscrew 
pattern. 
Table I. Performance factors of the ME-NBI diagnostic algorithm in predicting gastric cancer.
 Observer A Observer B Observer C Observer D Observer E Mean
Factors (%) (%) (%) (%) (%) (%)
Sensitivity 88.0 88.5 85.0 81.0 91.0 86.7
Specificity 70.0 25.0 50.0 55.0 40.0 48.0
PPV 96.7 92.2 94.5 94.8 93.9 94.4
NPV 37.0 17.7 25.3 22.7 31.0 26.7
Accuracy 86.4 82.7 81.8 78.7 86.4 83.2
ME-NBI, magnifying endoscopy with narrow-band imaging; PPV, positive predictive value; NPV, negative predictive value. The values of 
sensitivity, specificity, PPV, NPV, and accuracy, i.e., the first and second reading/2.
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Discussion
Early gastric cancers can be classified macroscopically 
into elevated and depressed types. It is reported that the 
frequency of the depressed type (~60-70%) was higher than 
that of the elevated type in early gastric cancer (19-21). 
Therefore, it is important to enhance the diagnostic accuracy 
of early depressed gastric cancers. ME-NBI yields clear visu-
alization of the microvasculature and microsurface structure 
of the gastrointestinal mucosa. In a previous study it was 
demonstrated that the diagnostic accuracy was significantly 
higher with ME-NBI than with conventional endoscopy with 
white light imaging for the differential diagnosis of depressed 
gastric lesions (13). Thus, we devised a diagnostic algorithm 
based on ME-NBI findings to evaluate depressed gastric 
lesions. ME-NBI findings, such as irregular microvascular and 
microstructural patterns, are closely associated with gastric 
cancer. As the microsurface structure of depressed gastric 
lesions is frequently unclear, objective evaluation is difficult 
by ME-NBI. Kaise et al reported that disappearance of the 
microsurface structure was observed frequently in depressed 
gastric cancers (12). As a consequence, this algorithm was 
constructed based on ME-NBI findings relating to microvas-
culature alone.
In this study, ME-NBI diagnosis with microvascular 
irregularities demonstrated a high sensitivity (86.7%) and 
accuracy (83.2%) for predicting gastric cancer. Previous studies 
revealed that ME-NBI exhibited high sensitivity (69-93%), 
specificity (85-95%) and accuracy (79-90%) in the differential 
diagnosis of depressed gastric cancers from non-cancerous 
lesions (12-14). Those studies evaluated the ME-NBI features 
of combined irregular microvascular and microstructural 
patterns. By contrast, we evaluated only ME-NBI microvas-
cular findings and obtained good sensitivity and accuracy 
equivalent to previous studies. However, the specificity of 
ME-NBI diagnosis based on microvascular irregularity was 
unsatisfactory. This result suggested that our definition of 
microvascular irregularity included the non-specific findings, 
thus, the highly specific findings for predicting gastric cancer 
should be investigated. The ME-NBI diagnosis based on 
abnormal microvascular patterns (fine network pattern, cork-
screw pattern, or unclassified pattern) showed high specificity 
(86.3%) and accuracy (79.1%) in distinguishing undifferenti-
ated from differentiated adenocarcinoma. Nakayoshi et al 
reported that differentiated adenocarcinoma frequently 
showed a fine network pattern, and differentiated adenocarci-
noma frequently showed a corkscrew pattern on ME-NBI (10). 
In depressed early gastric cancers, this study showed that 105 
of 109 differentiated lesions (96.3%) had a fine network pattern 
or unclassified pattern, and 48 of 56 undifferentiated lesions 
(85.7%) had a corkscrew pattern. Therefore, the ME-NBI diag-
nosis based on abnormal microvascular patterns was useful for 
predicting the histological grade of depressed gastric cancers.
We also investigated inter- and intra-observer agreements 
in the ME-NBI diagnosis with microvascular findings. To the 
best of our knowledge, no complete study on the reliability 
and the reproducibility of an ME-NBI diagnosis with micro-
vascular findings for depressed gastric lesions is currently 
available. In the evaluation of depressed gastric lesions by 
the diagnostic algorithm, inter-observer reproducibility of 
Table III. Inter- and intra-observer agreements for evaluations of ME-NBI features and ME-NBI final diagnosis.
Variables Inter-observer κ value mean (range) Intra-observer κ value mean (range)
ME-NBI features  
  Microvascular irregularity 0.49 (0.32-0.74) 0.61 (0.39-0.84)
  Fine network pattern 0.55 (0.38-0.65) 0.75 (0.64-0.84)
  Corkscrew pattern 0.60 (0.35-0.83) 0.78 (0.64-0.86)
ME-NBI final diagnosis 0.50 (0.32-0.67) 0.77 (0.66-0.84)
ME-NBI, magnifying endoscopy with narrow-band imaging; κ, Cohen's κ coefficient.
Table II. Performance factors of the ME-NBI diagnostic algorithm in predicting histological grade of gastric cancer.
 
Factors Observer A Observer B Observer C Observer D Observer E Mean
 (%) (%) (%) (%) (%) (%)
 
Sensitivity 57.8 73.5 64.1 65.6 46.9 61.6
Specificity 91.1 68.6 87.8 87.8 96.2 86.3
PPV 74.9 49.0 68.6 69.0 83.6 69.0
NPV 84.2 86.3 85.6 86.2 81.5 84.8
Accuracy 81.4 70.0 80.9 81.4 81.8 79.1
ME-NBI, magnifying endoscopy with narrow-band imaging; PPV, positive predictive value; NPV, negative predictive value. The values of 
sensitivity, specificity, PPV, NPV, and accuracy, i.e, first and second reading/2.
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the ME-NBI microvascular findings (κ value 0.49-0.60) 
and the ME-NBI final diagnosis (κ value 0.50) showed fair 
agreement. Furthermore, the intra-observer reproducibility 
of the ME-NBI microvascular findings (κ value 0.61-0.78) 
and the ME-NBI final diagnosis (κ value 0.77) exhibited a 
moderate agreement. Kaise et al reported that the κ value of 
inter-observer concordance for an ME-NBI diagnosis was 
0.47 in the evaluation of depressed gastric lesions based on 
the ME-NBI features of combined irregular microvascular 
and microstructural patterns (12). Consequently, our results 
are satisfactory and representative of the observer agreement 
to be expected in clinical practice when ME-NBI findings are 
assessed with this diagnostic algorithm.
In conclusion, the diagnostic algorithm utilized in this study, 
based on ME-NBI microvascular findings was convenient and 
had high diagnostic accuracy, reliability and reproducibility in 
the differential diagnosis of depressed gastric lesions. Based 
on these results, a prospective study is essential to evaluate the 
benefit of this diagnostic algorithm.
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